Abstract
West Cape, Australia, propagating ENE, mainly over the sea, to the vicinity of Karratha and Dampier diurnal, seasonal and solar cycle changes, are not readily measured by means other than VLF [e.g., 41 Thomson et al., 2011b] . 42 Knowledge of the height and sharpness of the unperturbed lowest edge of the ionosphere is 43 important because these parameters are used as baselines in many areas of current research, as well as 44 for predicting radio propagation conditions. Energetic particle precipitation from the Earth's radiation Naval Ocean Systems Center (NOSC) [e.g. Morfitt and Shellman, 1976; Ferguson and Snyder, 1990] . 57 Such modeling and comparisons with observations can be found in Thomson et Figure 1 shows the locations of the NWC and NPM transmitters, the principal receiving locations 101 and the paths which, as can be seen, are mainly over the sea. The measurement places, techniques and analysis used here are very similar to those used for 106 October 2009 by Thomson [2010] where further details can be found. sight to be less reproducible from day to day; however, as has been shown previously [Thomson, 116 2010], these phase drifts are occurring at the transmitter, not on the NWC-Dunedin path, and can be 117 readily allowed for in our overall NWC analysis by using this Dunedin phase plot. 
125
The amplitude of the NWC signal around Onslow is very high (~100 mV/m), higher than the 126 portable loop receiver was initially designed for. As previously [Thomson, 2010] This delay is modulo a half a cycle of 19.8 kHz, due to both the nature of the MSK modulation used 163 by NWC and to the portable phase meter being frequently powered off and on [Thomson, 2010] . and β over an all-sea path [Thomson, 2010] As can be seen in Figure 1, Table 4 , discussed later. latitudes (due to the larger cosmic ray effects there), they will not be greatly larger and so their effect 276 on the total path for NPM-Dunedin is unlikely be very significant.
277
As can be seen from Figure 5, 2009 and October 2011 is likely to be less than ~0.3 dB; the error in the change in phase delay is ~2º.
361
For the long path, NWC-Kauai, the corresponding errors in the changes will be greater, ~0. 7.1 a Rows 1-4 show the locations with calculated distances and free space delays for NWC-Karratha, NWC-Onslow and Onslow-Karratha. Row 5 then shows the Onslow-Karratha free-space delay difference modulo half a cycle of 19.8 kHz. This difference is then subtracted from the 17.1 µs observed delay (row 6), to give the waveguide only part of the delay as 7.1 µs (bottom row) which is equivalent to 51°. This observed 51° is then subtracted from the 45° calculated by ModeFinder for Onslow giving 45° -51° = -6° shown in Figure 3 as the 'observed' NWC phase at Karratha. 4.9 a Rows 1-4 show the locations with calculated distances and free space delays for NWC-Dampier, NWC-Onslow and Onslow-Dampier. Row 5 then shows the Onslow-Dampier free-space delay difference modulo half a cycle of 19.8 kHz. This difference is then subtracted from the 15.3 µs observed delay (row 6), to give the waveguide only part of the delay as 4.9 µs (bottom row) which is equivalent to 35°. This observed 35° is then subtracted from the 45° calculated by ModeFinder for Onslow giving 45° -35° = 10° shown in Figure 4 as the 'observed' NWC phase at Dampier. 
